Abstract. The evaluation of an ability or skill happens in some kind of testbed, and so does with social intelligence. Of course, not all testbeds are suitable for this matter. But, how can we be sure of their appropriateness? In this paper we identify the components that should be considered in order to measure social intelligence, and provide some instrumental properties in order to assess the suitability of a testbed.
Introduction
Evaluation tools are crucial in any discipline as a way to assess its progress and creations. There are some tools, benchmarks and contests, aimed at the measurement of humanoid intelligence or the performance in a particular set of tasks. However, the state of the art of artificial intelligence (AI) and artificial general intelligence is now more focussed towards social abilities, and here the measuring tools are still rather incipient. In the past two decades, the notion of agent and the area of multi-agent systems have shifted AI to problems and solutions where 'social' intelligence is more relevant (e.g., [1, 2] ). This shift towards a more social-oriented AI is related to the modern view of human intelligence as highly social, actually one of the most distinctive features of human intelligence over other kinds of animal intelligence. Some significant questions that appear here are then whether we are able to properly evaluate social intelligence in general (not only in AI, but universally) and whether we can develop measurement tools that distinguish between social intelligence and general intelligence.
In this paper, we 1) identify the components that should be considered in order to assess social intelligence, and 2) provide some instrumental properties to help us determine the suitability of a testbed to be used as a social test (validity, reliability, efficiency, boundedness and team symmetry), while analyzing the influence that such components have on these properties. This helps us to pave the way for the analysis of whether many social environments, games and tests in the literature are useful for measuring social intelligence.
The paper is organized as follows. Section 2 provides the necessary background. Section 3 identifies the components that we should consider in order to measure social intelligence. Section 4 presents some instrumental properties to assess the suitability of a testbed to be used as a social intelligence test. Finally, Sect. 5 closes the paper with some discussion and future work.
This section gives an introduction to the concepts and terminology of multi-agent environments and serves as a background for the following sections.
Multi-agent Environments
An environment is a world where an agent can interact through observations, actions and rewards. This general view of the interaction between an agent and an environment can be extended to various agents by letting them interact simultaneously with the environment.
A multi-agent environment is an interactive scenario with several agents. An environment accepting n agents defines n parameters (one for each agent) denoted as agent slots. We use i = 1, . . . , n to denote the slots. Each simultaneous interaction of the n agents is called a time step, where the order of events is always: observations, actions and rewards. O i is the observation set that the agent in slot i can perceive, A i is the action set that the agent in slot i can perform and R i ⊆ Q represents the possible rewards obtained by the agent in slot i. For each step k, the agent in slot i must perceive an observation o i,k ∈ O i , perform an action a i,k ∈ A i and obtain a reward r i,k ∈ R i . We use o k , a k and r k respectively to denote the joint observation, joint action and joint reward profiles of the n agents at step
represents the joint observation profile at step k, and similarly for actions and rewards). For example, a sequence of two steps in a multi-agent environment is then a string such as o 1 a 1 r 1 o 2 a 2 r 2 and the string o 1,1 a 1,1 r 1,1 o 1,2 a 1,2 r 1,2 denotes the sequence of observations, actions and rewards for the agent in slot 1.
Both the agents and the environment are defined as probabilistic measures. 
As with the observation, the reward at step k to the agent in slot i is provided depending on observations, actions and rewards on previous steps
Note that the rewards obtained by each agent depend on the joint observations, actions and rewards of all the agents interacting in the environment, and not only on their own.
Teams
It is important to determine the roles that agents take in the environment. The key issue is to establish whether the other agents goals and interests are compatible with one's goals. The concept is complex, as alliances can be created and broken even if no clear teams are established from the beginning (and this is an interesting property of social intelligence). These roles or alliances determine two major social behaviors: cooperation and competition.
